way in which a fund of financial capital yields a flow of income or interest. Some authors have termed this flow "natural income" (Daly and Farley 2003) . Ecosystem service benefits have been estimated at roughly $33 trillion annually (in 1994 US dollars) across the globe, or about $5000 per capita (Costanza et al. 1997) . Erecting effective policy institutions and concrete legal instruments for the sustainable, equitable, and efficient provision of ecosystem services will be no small challenge, as it demands the reversal of deeply rooted economic incentives, established doctrines of private property, and associated institutions.
As influential as Hardin's thesis has become- Costanza and colleagues (2004) used the ISI index to show that it is the most cited paper in ecological economics-it is also flawed; in fact, Hardin described the tragedy of open-access resources, but many resource allocation problems arise in the context of common-pool (not to be confused with common-property) resources. In the literature, the terms "common pool" and "common property" are often mistakenly used interchangeably, thus confusing analysis of resource-use problems. For a common-pool resource, it is difficult to deny potential beneficiaries the use of the resource once it has been created by society or by nature; it is therefore "nonexcludable." Commonpool resources have two components: (1) a fund (natural capital) and (2) the flow of benefits it yields (natural income including ecosystem services). When the fund is degraded or destroyed (i.e., depreciates), it endangers not only the quantity and quality of future flows but also the viability of the fund itself.
In contrast, common property refers to a property rights regime that determines rules under which the members of a community may access and use a common-pool resource (e.g., how much of the natural income can be used in any period, how it can be used, and who can access it, as well as the conditions under which the fund itself can be used). In the absence of a socially informed property rights regime for using common-pool resources, they become open-access resources and can be exploited to the point of collapse; this is Hardin's tragedy of the commons.
The distinction between open-access and commonproperty resources is particularly relevant because the institutional solutions suggested by Hardin-dividing the resource into private property or governmental control of its utilization-omit what can sometimes be the most effective solution for governing common-pool resources-developing the institutional frameworks and social capital for an effective self-governing common-property rights regime (Ostrom 1990 , Pretty 2003 . Moreover, privatization or increasing governmental control of common-pool resources often exacerbates local poverty or leads to resource mismanagement stemming from bureaucratic detachment from local ecological dynamics (Holling and Meffe 1996) . An empirical and normative literature (Ostrom et al. [1999] and Dietz et al. [2003] provide insightful synopses) now describes the key elements of an effective commons and, in some cases, how to establish effective markets in ecosystem services. Fortunately, it is not necessary for all of the elements listed below to be in place for a commons to function effectively:
• There is an appropriate geographical definition of the common-pool resource being governed, from the global atmosphere to small-scale watersheds and grazing, fishing, or hunting grounds.
• There is a scientific capacity to observe and measure changing resource conditions on an ongoing basis.
• Social capital-interpersonal relationships in which trust develops over time-among resource users is strong enough to enforce the rules regarding resource utilization among community members so that free ridership (using the resource without paying for it) is minimized.
• Users develop and support their own rules for resource monitoring and use and thereby view these rules as legitimate and help to enforce them.
• Large-scale institutions such as governments and corporations support and legitimize these rules and institutions.
• Appropriate sanctions for violations and procedures for conflict resolution are established.
• Outsiders can readily be excluded from directly exploiting the resource.
• Outside influences, especially global economic driving forces, are understood, and their influence on the common-pool resource can be managed.
• There is an institutional capacity to adapt rules to changing technological, ecological, social, and economic conditions.
• Governance institutions use a variety of mechanisms (e.g., quotas, time and space restrictions on use, taxes and fees, and tradable permits), are geographically nested, and are somewhat redundant to provide for adaptability and checks and balances.
Clearly, building institutions that contain each of these elements is a steep challenge, one that is rarely fully met, which explains why governing common-pool ecological resources is always a struggle that succeeds or fails in a kaleidoscope of ever-evolving outcomes. In advanced market societies, market and government-based institutions increasingly dominate local forms of social capital (Putnam 2000) to manage services from large-scale ecosystems. In fact, it is in developing countries where approaches to resource use more often incorporate key elements of effective commons (Baland and Platteau 1996) ; some 400,000 to 500,000 local groups have formed worldwide since the early 1990s for the management of watersheds, irrigation, forestry, integrated pest management, and microfinancing for rural development (Pretty 2003) .
What falls short in this rich body of literature is an examination of the dynamics inherent in market and legal institutions for the provision of ecosystem services from privately owned funds of natural capital, especially ecosystems on privately owned lands, as opposed to the consumption of natural capital stocks and utilization of environmental sinks. We suggest a revised thesis to address this need, which we call "the tragedy of ecosystem services" in honor of Hardin's seminal contribution.
The diagnosis: Why ecosystem services are declining
The findings of the Millennium Ecosystem Assessment (MEA 2005) show that marketable services fare better than services that either are nonmarketable or that derive from natural capital lacking clearly defined property rights. For example, among provisioning services, crops, livestock, and aquaculture fish production are increasing, while capture fisheries (FAO 2004 ) and other wild foods, fuelwood, genetic resources, valuable natural chemicals, and freshwater are declining. Most regulating services (air quality; regional and local climate; erosion, pest, and natural hazard regulation; water purification; and pollination) are declining, and water and disease regulation are experiencing geographically variable outcomes; only carbon sequestration has been enhanced. This evidence is supported by other studies. For example, agricultural intensification has diminished the ecosystem services provided by agricultural landscapes in Sweden from the 1950s to the 1990s (Bjorklund et al. 1999 ). In the long run, the loss of supporting and regulating services undermines efforts to meet increasing demands for marketable provisioning services such as food production (Tilman et al. 2002) .
A diagnosis explaining why supporting, regulating, and some provisioning and cultural ecosystem services are declining has been implicit in natural resource and environmental economics for decades, and is a central component of the emerging school of ecological economics. The economic distinction between private goods and public goods is essential to this diagnosis.
Private goods, such as barrels of crude oil or bushels of corn, are utilized in a rival manner; once someone has consumed the good, it is not available for another person. Private goods are also excludable; it is possible to prevent those who have not purchased the good from having access to it. In contrast, public goods, such as improvements in air and water quality, are both nonrival and nonexcludable: one person's utilization of the good does not prevent others from also using it, and it is not possible to prevent people from having access to the good once it is provided. Consequently, public goods tend to be underprovided because the producer is unable to take full advantage of their value by charging for them; rather, potential users have free access to them.
For owners of natural capital, ecosystem service provision is a positive externality. An externality exists when the production or consumption activities of one individual or firm positively or negatively affect the consumption or production activities of another individual or firm. In the case of ecosystem services flowing from privately owned land, the landowner receives no compensation for providing the services and has no financial incentive to continue providing them. Hence such services tend to be underprovided. Because of these characteristics, coupled with the significant social value of many public goods, institutions informed by public policies and laws have been developed to assure the provisioning or protection of many public goods (see Kaul et al. 1999) .
Except for provisioning services, ecosystem services are also generally nonexcludable; once provided by nature or society, they accrue to all within the affected geographical area. Nonexcludability encourages free riders, who receive ecosystem service benefits without having to purchase them or invest in their long-term availability. Landowners preferentially develop their properties to produce marketable commodities and services (private goods) because they obtain the benefits of doing so and bear only a small share of the opportunity costs associated with the diminishment of ecosystem services. This is true even if the value to society of the sacrificed ecosystem services exceeds the economic gains to the landowner. Floodplains, wetlands, and forests that provide carbon storage, wildlife habitat, pollination, water purification, and flood-control services are drained, cleared, planted to crops, converted to pasture for livestock, harvested for timber, or urbanized.
Unlike the tragedy of open access, which occurs when there is no extant system of property rights regulating access to the resource, resulting in the overconsumption of resources and overutilization of environmental sinks, the "tragedy" of ecosystem services is that they are underprovided (table 1) . Under market forces alone, other services that generate positive externalities (e.g., education, medical research, vaccinations) or that are nonexcludable (e.g., most roads) would also be underprovided for similar reasons. The difference is that massive public institutions informed by public policy have been erected to provide these essential public services, however imperfectly, whereas institutions and policies for assuring the continued provisioning of ecosystem services are nascent or even absent.
Recent in-depth analysis of US law and policy concerning ecosystem services has revealed a legal dimension of Hardin's "remorseless working of things," where the common law of property seals the deal because those who had benefited from ecosystem services have no legal recourse when these are lost (Ruhl et al. 2007 ). In fact, US law has built a carefully constructed wall designed to prevent consideration of ecosystem service benefits from interfering with development of land and, under prior appropriation, water for commodity production. US common law evolved over time to disfavor leaving land in its wild, undeveloped state (Sprankling 1996) , meaning owners of lands and the accompanying diversity of ecosystems have little incentive to treat them as a fund of natural capital providing valuable ecosystem services. No counterbalancing doctrines have arisen to enable or require a property owner to protect or enhance the continued flow of essential services from ecosystems on their properties. This is the situation regardless of whether the ecosystem services are utilized locally, regionally, or globally (Ruhl et al. 2007 ).
The diminishment of ecosystem services is thus the result of a complex "social trap" (after Costanza 1987) . The trap and how we envision escaping it proceed in no small measure from our conceptualization of ecosystems and their place in our society. Do we perceive them to be funds of natural capital yielding flows of ecosystem services supporting human welfare and, as such, resources to be managed by institutions and policies distinct from those governing private property? Or do we perceive ecosystems as just another part of the landscape that has been divided up into privately owned parcels whose management and use are determined by their owners? How we answer this question may determine the future viability of essential ecosystem services (MEA 2005) .
What the literature currently reports is that a failure to develop common-property institutions often leads to depletion or degradation of funds of natural capital and diminished flows of vital ecosystem services. In a perverse positive externality dynamic, the nonexcludable, public-good nature of supporting, regulating, and some cultural and provisioning ecosystem services leads to their underprovision, and existing public institutions fail to make up the growing gap between what society needs and what is being provided. Property law, the backbone of common law, reinforces these market failures because, in advanced capitalist states, ecosystem services have no legal status; their status as common-pool resources is not recognized. Similarly, those individuals and communities benefiting from ecosystem services have limited legal recourse to assure the continued availability of essential services in adequate and timely amounts to meet their own needs or those of the larger society (Ruhl et al. 2007 ).
Remedies for the tragedy of ecosystem services
While there is no one pathway out of this social trap, potentially effective remedies lie in (a) the evolution of the common law of property, (b) reforming economic incentives, and (c) the development of ecosystem service districts.
Although common law has evolved doctrines that disfavor ecosystem services, nothing about common law is static. The law of property, in particular, is recognized as always a work in progress, with new knowledge and changed circumstances fueling judicial adjustments to applied principles (Blumm and Ritchie 2005) . The root of the problem for ecosystem services has been the law's utilitarian premise that developing natural resources invariably puts land to higher and better uses and maximizes social welfare where both are measured in monetary terms. Yet this has been a distinctly American phenomenon, as 19th-century courts, in pursuit of developmentfriendly doctrines in a sparsely populated land of surplus natural capital and scarce human capital, departed from British rules of nuisance law and core property principles that were much more cognizant of the interdependence of property owners on a crowded agrarian island (Sprankling 1996) .
The science of ecosystem services is demonstrating that the premise behind that movement in American property law is sorely misguided in many-if not most-cases. But there is no reason to believe that the common law moves only in one direction, that we are stuck in 19th-century property law notwithstanding what we have learned about natural capital and ecosystem services. Rather, this is precisely the sort of new knowledge the common law embraces, and several recent judicial decisions from around the United States show that courts, when informed about ecosystem services, are more than willing to revisit previously settled principles. For example, a Rhode Island court recently prevented a developer from filling a marsh area on the ground that the marsh benefits other properties by filtering and cleaning runoff, and a Louisiana court ruled that a freshwater diversion project would further the public trust in navigable water resources by restoring coastal wetlands that mitigate storm surges (as discussed in Ruhl et al. 2007 ). Hence, although its movement may be slow and will depend on litigants to demonstrate the utilitarian value of natural capital and eco - [pre-1933]) fertilizer runoff leading to eutrophication
Note: The categories listed under "Usage regime" are commonly accepted points along a continuum of empirical regimes. Examples are given from the natural resources and ecosystem service arena. Markets potentially produce efficient levels of production only in the "private property" regime when usage is rival or consumptive. Examples of sustainable use within an open-access property regime are increasingly rare. Hardin's tragedy of the commons occurs under open-access regimes when usage is rival or congestible, resulting in overconsumption or overuse. The tragedy of ecosystem services occurs when nonrival or nonconsumptive services are underprovided by private-property owners.
system services provided by that capital, there is good reason to believe the common law of property will respond accordingly over time. Indeed, an expanded definition of social welfare that embraces the critical role ecosystem services play in sustaining human welfare will facilitate this process.
Of course, by no means can developments in the common law alone correct the tragedy of ecosystem services. Regulatory policy, which was built in the 1970s primarily around pollution control and endangered species protection, has largely overlooked the value of ecosystem services and thus is in need of reform.
The natural resource, environmental, and ecological economics literature is rich with suggested policy reforms that would internalize negative externalities and reward positive externalities in a manner that would encourage cost-effective provision of ecosystem services. Some of the most pertinent contemporary examples include the following:
• Tradable pollution permits, especially for carbon emissions and sequestration (Tietenberg 2006) , to motivate private landowners to store additional carbon on their lands rather than in the atmosphere.
• Switching from crop production-based agricultural subsidies to ecosystem service-based subsidies to increase provision of carbon storage, water purification, soil conservation, and wildlife habitat on private rural land (Brouwer and Lowe 2000) .
• Incrementally shifting taxation from income to pollution fees and resource consumption (Bovenberg and van der Ploeg 1998) , and reducing or eliminating subsidies for natural resource production and consumption (Myers and Kent 2001) , to slow the depreciation of funds of natural capital from which ecosystem service are derived.
• Trading debt relief in developing countries for conservation of ecosystem services with global benefits (e.g., biodiversity, carbon storage; Deacon and Murphy 1997).
• Increased transparency and accountability of privatesector performance in decisions that affect ecosystems (MEA 2005).
Ecosystem service districts, similar to school, fire, and other local service districts, are in their infancy and theoretical designs most likely outnumber actual functioning districts (Heal et al. 2001 , Ruhl et al. 2003 . Nevertheless, cases such as New Zealand, where environmental administration was realigned along watershed boundaries, bear careful examination (Pyle et al. 2001) . To be effective, a generalizable design for ecosystem service districts would do the following:
• Develop institutional frameworks that promote a shift from single-purpose resource management to more holistic and integrated approaches (Hanna and Slocombe 2007) .
• Enjoy the type of power and authority (e.g., regulatory, market-based, incentives, reporting and information requirements, planning requirements, voluntary) and financing mechanisms (e.g., taxes, fees, bonds) generally associated with governments, but also be capable of establishing democratically based legitimacy at local levels.
• Build the institutional capacity (i.e., budget, staff, and expertise) to carry out complex scientific, economic, and social analyses and take responsibility for making policy and regulatory decisions through public, transparent procedures.
Moreover, the nesting of political authority (federal, state or provincial, regional, local) and geographic scale must be coherent. Watershed boundaries are a good candidate for such nesting under state or provincial leadership.
Given the diversity in ecosystem services and the ways in which they benefit people, the political challenge of overcoming the tragedy of ecosystem services lies in bringing these three strategies to bear in the best possible manner for each unique situation.
